Background UK fire services have differing practices relating to the use of a cardiorespiratory fitness standard as a selection criterion for recruits.
Cardiorespiratory fitness selection standard and occupational outcomes in trainee firefighters 
Aims
To establish whether a reduction in, or elimination of, a defined cardiorespiratory standard for firefighter recruitment impacted on a number of occupational and health-related outcomes.
Methods
Data were collected on firefighter recruits from services which applied either a minimum recruit cardiorespiratory fitness standard of 42 ml O 2 /kg/min (398 full-time and 48 part-time recruits) or no such direct standard (198 full-time and 206 part-time subjects). VO 2 max estimated, where available, was also recorded and the impact of a reduction in the standard from 45 to 42 ml O 2 /kg/min assessed.
Results
Twenty-five per cent of all recruits reported injury during training. Injury-related restrictions were more likely where no cardiorespiratory standard was applied for full-time recruits. For part-time recruits, higher VO 2 max (est.) predicted a lower incidence of injuries. Further adverse health-related outcomes were found for full-time and part-time recruits. Multiple regression analyses suggest that eliminating the 42 ml O 2 /kg/min cardiorespiratory standard at recruitment for full-time firefighters was associated with an 8% (95% CI 7.16-8.84) increase in subsequent injuries reported during training. For part-time firefighters, VO 2 max (est.) was inversely associated with 5% of the variation in injuries (95% CI 4.66-5.34).
Introduction
In occupations requiring physically demanding recruit training, there is evidence demonstrating an inverse relationship between injury reported during training and cardiorespiratory fitness [1] [2] [3] . Research in a cohort of employees of a large engineering manufacturer also found positive correlations between measures of cardiorespiratory fitness, work ability and lower sickness absence rates [4] . Operational firefighting is a potentially physically demanding role and firefighters are required to have sufficient cardiorespiratory fitness to ensure effective and safe performance during training and subsequent firefighting activities [5] .
In recognition of the physical demands of firefighting, the UK government department responsible for Fire and Rescue Services (FRS), the Department of Communities and Local Government (DCLG), for many years specified a cardiorespiratory fitness standard (VO 2 max) of 45 ml O 2 / kg/min (CF45) for the entry of potential recruits into firefighter training [6, 7] . In 2004, the DCLG amended advice regarding recruit fitness, including the removal of a formal assessment of cardiorespiratory fitness and replacement by a prescribed series of functional tests which sought to represent the muscular strength and cardiorespiratory fitness requirements of the physically demanding and safety critical tasks undertaken by operational firefighters. In part, this change was bought about by concerns that the use of a cardiorespiratory fitness standard may be unreliable, due to factors such as variable recruit body size, and unreasonably discriminate against female firefighter recruit applicants [7, 8] .
Following the publication of the DCLG advice, concerns regarding potential adverse health and operational outcomes from the removal of the cardiorespiratory fitness standard remained within some FRS. These concerns arose in part from evidence that cardiorespiratory fitness has been consistently found to predict performance in a wide range of simulated firefighting activities [9] . This led to independent recommendations, based on sponsored research into the fitness demands of firefighting, by a UK FRS sponsored special interest group for the maintenance of a formal assessment of cardiorespiratory fitness. This standard was based on evidenceof an average short-term energy cost of firefighting of 35 ml O 2 /kg/min. Due to the requirement to maintain such activities over extended periods of time and sub-maximal cardiorespiratory exercise being more sustainable for longer periods than near maximal exercise, a 20% safety margin in VO 2 max was recommended. This led to a recommended cardiorespiratory fitness standard from this group of 42 ml O 2 /kg/min (CF42) [9] .
This conflicting advice led to variable application of the DCLG recommendations by UK FRS, with some services abandoning any threshold of VO 2 max as a deselector to recruit training and others adopting the new lower CF42 standard. All FRS implemented the new functional tests as a recruitment deselector regardless of the maintenance or otherwise of a formal cardiorespiratory fitness standard.
There is no pre-existing evidence relating to any adverse operational or health outcomes from withdrawing a formal cardiorespiratory fitness standard, at either CF42 or 45, on health and operational outcomes of firefighter recruit training. This study sought to test the hypothesis that on a number of outcomes relevant to health and operational parameters (i) the withdrawal of any formal cardiorespiratory fitness standard has no significant impact compared to maintaining the CF42 standard and (ii) where such a standard is applied, the reduction in the minimum standard from CF45 to CF42 has no adverse impact.
Methods
Recruits commencing and exiting training between 1 January 2004 and 31 December 2007 were identified for two FRS in Northern England, which continued to apply a cardiorespiratory fitness criteria of 42 ml O 2 /kg/min for entry to training. Recruits commencing and exiting training from 2004, when the use of a cardiorespiratory fitness standard was removed as a deselector for recruitment, to 31 December 2007 were identified for a further two FRS. One of these latter FRS continued to measure and record cardiorespiratory fitness, but the result was not used as a deselector for recruit training.
During this time period, all those FRS applying a cardiorespiratory fitness standard used the Chester Step Test (CST), a validated sub-maximal estimate of maximal oxygen uptake [VO 2 max (est.)]. All participating FRS adopted procedures for the conduct of the CST consistent with the manufacturer's protocol [10] . Recruit medical standards for a wide range of medical and physiological parameters were applied consistently by the participating FRS, based upon national guidance [11] . This included standards for a range of clinical measures of cardiovascular and musculoskeletal health parameters.
The predictor variables were sex, age (years), application/non-application of an cardiorespiratory fitness standard and (if available) actual cardiorespiratory fitness (ml O 2 /kg/min). Duration of recruit training (weeks) was recorded for full-time recruits for whom training durationisspecifictothe recruitingFRS. Part-timerecruitsundergo a more extended and intermittent training schedule. Consensus by employer representatives from all four FRS identified 3 months as 'typical' for training completion, and consequently, dependent variable data for part-time recruits were collected over a fixed 3 months timescale.
Where cardiorespiratory fitness was assessed, these data were derived from the occupational health record.
Outcome variables were:
• Completion/non-completion of training (yes/no);
• Completion of training on expected date (yes/no) (fulltime recruits only); • Requirement for task restriction during training on health grounds (yes/no); • Days lost to sickness absence during training (number of work days); • Episodes of sickness absence during training (number of spells of absence) injury reports during training; • Injury reporting during training (yes/no).
Outcome variable data were derived from the personnel and accident reporting records. Data were analysed using SPSS 17.0 software.
Results
Records for 516 full-time firefighter recruits fulfilling the study entrance criteria were identified. Data from 10 recruits, for whom demographic details or no outcome data could be identified, were omitted. Complete demographic and at least partial outcome data were available for the remaining 506 recruits and was included in the analysis. Of the recruits included in the analysis, 198 were recruited with no cardiorespiratory fitness standard applied and 308 met or exceeded the CF42 minimum standard. Of the recruits for whom no cardiorespiratory standard was applied at recruitment, data on their cardiorespiratory fitness were available for 92 (Table 1) .
For each of the predictor variables [using either 'CF42 used?' or VO 2 max (est.) (ml O 2 /kg/min) as the cardiorespiratory fitness measure], Spearman correlations for the six outcome variables were calculated for full-time and part-time (Table 2) recruits.
For full-time recruits, a moderate positive correlation with injury rates was found with the 'CF42 used/not used' as a predictor variable (r s 5 0.32, P , 0.001). A number of further small positive correlations between the dependant variables and (i) the use or not of a cardiorespiratory standard and (ii) actual VO 2 max were found. These were restrictions during training and use of the CF42 fitness standard (r s 5 0.28, P , 0.01); 'course completion on time' and actual VO 2 max (r s 5 0.13, P , 0.01). No correlations were found between the predictor variables and the dependant variables 'sickness absence days' and 'sickness absence episodes'.
For full-time recruits, increasing age was found to be significantly correlated with a reduced incidence of the outcome variables 'restrictions' and 'injury' (jr s j 5 20.10, P , 0.05 and jr s j 5 20.09, P , 0.05, respectively).
For part-time recruits, moderate positive correlations between use of the CF42 cardiorespiratory fitness standard and 'sickness absence days' and 'episodes' were found (use of the standard was associated with fewer such adverse outcomes). Small (P , 0.05) negative correlations were found for VO 2 max (est.) and the recruit remaining in employment at 3 months or sustaining an injury. However, of the 95 part-time recruits in whom VO 2 max (est.) was recorded, only 3 reported an injury and only a further 3 were not in employment at the end of 3 months. With such small numbers available, these results are likely to be spurious correlations. This is further supported by the converse findings of the larger full-time recruit correlations.
The part-time recruit data analysis found small correlations between female gender and repeated elements of training (r s 5 0.24, P , 0.01), days of sickness absence (r s 5 0.20, P , 0.01) and episodes of sickness absence (r s 5 0.19, P , 0.01). However, the actual number of cases of all four of these outcome variables was very small, as were the total number of female part-time recruits (n 5 15), suggesting statistical analysis of these data may not provide reliable conclusions. The number of days sickness absence was confounded by two cases of long-term absence (one male with an absence of 152 days and one female with an absence of 48 days). Overall, the statistical analysis from the larger number of full-time female recruits is likely to be most robust.
Hierarchical multiple regression analyses were undertaken for both data sets for every outcome variable, using all predictor variables including either 'CF42 used?' or VO 2 max (est.) (ml O 2 /kg/min) as the cardiorespiratory fitness measure.
Full-time recruit predictor variables were entered in the order of 'CF42 used?', 'duration of course', age and sex. Gender was not found to be a predictor variable. The three remaining significant predictor variables for injuries underwent hierarchical regression analysis. The adjusted R 2 value for 'CF42 used?' only was 0.10, rising to 0.14 for all three predictor variables. Interpretation of this data was complicated by the colinearity of the 'CF42 used?' and 'course duration' (r 5 0.68, P , 0.01). However, overview of the part-time recruit data suggested even with a fixed timescale for data collection (3 months) moderately strong correlations with adverse health outcomes (sickness absence episodes and duration) could be found. Consequently, course duration was eliminated from a subsequent multiple regression of full-time recruit data. In this model, adjusted R 2 value for 'CF42 used?' was 0.08, suggesting eliminating a cardiorespiratory standard at recruitment for full-time firefighters predicts 8% (95% CI 7.16-8.84) of all subsequent injuries reported during training.
Similar hierarchical multi regression analyses were undertaken for the part-time recruit data. In the first model, only 'CF42 used?' was found to significantly contribute to a final regression model [age, sex and VO 2 max (est.) being eliminated] predicting 'sickness absence days' (R 2 5 10%, 95% CI 9.26-10.74) and 'sickness absence episodes' (R 2 5 9%, 95% CI 8.60-9.40). Further models using VO 2 max (est.) as the predictor variable also eliminated the other variables and significantly predicted 'injuries' (R 2 5 5%, 95% CI 4.66-5.34). A further simple correlation was undertaken in which full-time firefighter recruits in whom VO 2 max was known were divided into those with cardiorespiratory fitness equal to or exceeding 45 ml O 2 /kg/min (n 5 375) and those $42 but ,45 ml O 2 /kg/min (n 5 38). A correlation was found with the higher VO 2 standard and training completion on the expected date (Table 3 ). This was a rare event, applying to #2% of all recruits. No such correlations were found to the more prevalent dependent variables of injury or sickness absence. No correlations between the higher CF 'cut-off' with any of the outcome variables were found for part-time firefighters (Table 3 ).
Discussion
Our study did not identify any strong evidence of worsening of the occupational and health-related outcomes measured associated with the reduction of cardiorespiratory fitness of firefighter recruits from CF45 to CF42. Most research into cardiorespiratory fitness of firefighters has used experimental modeling of critical role-related tasks to estimate required cardiorespiratory fitness demands. This has led to a range of proposed cardiorespiratory fitness standards being proposed worldwide, typically CF41-45 [12] [13] [14] [15] .
This study is, to our knowledge, the first to explore the impact of the withdrawal of a CF42 standard on such a wide range of operational and health outcomes. The findings of Correlation is significant at the 0.01 level (two-tailed).
measurable differences in the outcome variables between those in whom the CF42 standard was applied and those not add evidence to support the application of this particular VO 2 max standard for firefighter recruitment and suggest that in 'day-to-day' recruit training, the newer functional tests may not discriminate well between recruits more likely to experience the adverse outcomes measured. The data presented within this study were drawn from a relatively short-time period, being the 8-14 weeks of firefighter recruit training typical implemented by UK FRS. Recruits are well motivated to complete training as subsequent employment is dependent on this. This may deter recruits from reporting training-related injuries or withdrawing from training due to ill health, when in other circumstances, they may have done so. In addition, the data in this study were collated from the time period immediately after adoption of the CF42 standard by some FRS and complete removal of the standard by other FRS. Firefighting, and the training for this role, does have a reputation for high physical demands and those recruits taken on at this time by FRS no longer applying the cardiorespiratory standard may have self-selected on the basis of anticipation of some formal assessment of cardiorespiratory fitness, an anticipation that may diminish as the revised recruitment practices become more widely known. Practically, this may mean many of those recruits applying to FRS not applying the cardiorespiratory fitness standard may have passed the 42 ml O 2 /kg/ min standard if tested. However, even with these possible biases acting to diminish the measurable impact of cardiorespiratory fitness on occupational outcomes, significant correlations between the two cardiorespiratory fitness predictor variables ['CF42 used?' and VO 2 max (est.)] and a number of dependent variables were found, most strongly for injuries arising during training. This is of particular operational importance, given the high level of injuries reported during training.
The CST is a sub-maximal and indirect measure of cardiorespiratory fitness, with a standard error of estimate of 12-15%. However, with the large number of subjects in this study and standard protocols for administration, this is unlikely to have contributed a major bias. An additional potential for bias arises from the relatively high colinearity between the two variables 'course duration' and 'cardiorespiratory standard applied/not applied' (r 5 0.683, P , 0.01) used in the regression model. Those FRS applying a cardiorespiratory fitness standard tended to run longer recruit training courses. However, the data collection for part-time firefighters was over a fixed period (12 weeks) and significant correlations between actual VO 2 max and reported injuries were found. Hence, on balance, the association between the independent variables for VO 2 max and the dependent variables for full-time firefighters are, in our opinion, likely to be true findings.
Potential weaknesses of the study include the absence of data on other potential predictor variables such as body mass index, smoking status and non-occupational physical activity. There is no apparent reason to anticipate these factors may significantly differ between the study populations. These three factors may all contribute to lower cardiorespiratory fitness and any future study looking at factors for lower VO 2 max in some recruits would need to explore these issues.
Completion of a course of physical training is itself likely to lead to improved cardiorespiratory fitness. In one study, a 16 week training programme for firefighter recruits led to a significant improvement in VO 2 max (est.) compared to baseline (35 versus 45 ml O 2 /kg/min) [16] . However, this raises a number of questions. Is an increase in risk of possible work-related injury and overall sickness absence in recruits with low cardiorespiratory fitness at commencement of training acceptable? Also, do those recruits who persist with low cardiorespiratory fitness, even after training, continue with these higher health risks? Further investigation 
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of the health outcomes for recruits after appointment is merited to quantify any such persistent risks. A further notable finding of this study was the high level of reporting of injuries during training (25%), although attribution to work was not assessed. This also deserves further investigation, to further characterize the nature of the injuries sustained during recruitment and explore possible ergonomic, exercise or organizational changes that may help reduce this high prevalence.
Recent general legislative change within the UK and procedural revisions on recruitment by FRS have sought to remove barriers to female and older recruits applying to be firefighters. Such cultural changes can lead to putative health and safety concerns regarding increasing numbers of such firefighters. Although not a primary intended outcome of this study, it is of note that there was no adverse correlation between female sex and older age for any of the outcome variables in the larger full-time recruit cohort. Indeed, the only significant correlation was a 'protective' one for older age and training-related injury.
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Key points
• Removal of an aerobic fitness standard for firefighter recruits was associated with higher levels of adverse health and occupationally related outcomes during subsequent training.
• The age and gender of firefighter recruits were not significantly associated these outcomes during subsequent training.
• A reduction in the minimum aerobic fitness of recruits from 45 to 42 ml O 2 /kg/min was not significantly associated these outcomes during subsequent training.
